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Abstract of JP2000323264 

PROBLEM TO BE SOLVED: To improve 
adhesion with a ceramic substrate by including 
a metal and metal oxide in paste used for 
forming a heating element for a ceramic heater 
for drying. SOLUTION: Conductive paste 



including metal particles and metal oxide is 
printed relative to a ceramic plate 1 . A heat 
generating element 2 is required to heat a 
heater 100 whole plate into a uniform 
temperature so as to be printed into a pattern 
formed of a concentric circle. The ceramic 
substrate 1 is heated and conductive paste is 
sintered so as to form the heat generating 
element 2 on the surface of the ceramic 
substrate 1. The conductive paste has resin 
and solvent removed by heating and sintering 
and at the same time the metal particles and 
the metal oxide sintered thereon. The 
temperature of the heating and sintering Is set 
to 500-1000 deg.C. This conductive paste has 
the metal oxide included therein so that the 
metal particles and the ceramic substrate 1 are 
sintered and integrated under the presence of . 
the metal oxide. 
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(54) CONDUCTIVE PASTE FOR CERAMIC HEATER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve adhesion with 
a ceramic substrate by including a metal and metal oxide 
in paste used for forming a heating element for a 
ceramic heater for drying. 

SOLUTION: Conductive paste including metal particles 
and metal oxide is printed relative to a ceramic plate 1 . A 
heat generating element 2 is required to heat a heater 
100 whole plate into a uniform temperature so as to be 
printed into a pattern formed of a concentric circle. The 
ceramic substrate 1 is heated and conductive paste is 
sintered so as to form the heat generating element 2 on 
the surface of the ceramic substrate 1. The conductive 
paste has resin and solvent removed by heating and 
sintering and at the same time the metal particles and 
the metal oxide sintered thereon. The temperature of the heating and sintering is set to 500- 
lOOO^'C. This conductive paste has the metal oxide included therein so that the metal particles 
and the ceramic substrate 1 are sintered and integrated under the presence of the metal 
oxide. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim IJConductive paste for ceramic heaters containing metal and a metallic oxide. 
[Claim 2]Conductive paste for ceramic heaters characterized by comprising the following. 
Particles which consist of any one or more sorts chosen from among gold, silver, platinum, 
palladium, lead, tungsten, and nickel. 

What consists of any one or more sorts chosen from among lead oxide, a zinc oxide, an 
oxidation silicon, oxidation boron, an aluminum oxide, yttrium oxide, and titanium oxide 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation, 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThe invention in this application relates to the conductive paste used for 
heating element formation of the ceramic heater for desiccation mainly used in semiconductor 
industry. 
[0002] 

[Description of the Prior Art]As for a semi conductor product, it is common to manufacture by 
forming a photopolymer as etching resist on a silicon wafer, and etching the silicon wafer. After 
spreading must be dried although the photopolymer is applied to the silicon wafer surface by 
the spin coater etc. Therefore, it is necessary to heat the silicon wafer which applied the 
photopolymer using a heater. Conventionally, as such a heater, it is metal. What wired the rear 
face of the (aluminum) board in the heating element is used. 

[0003]However, such metal (aluminum) The heater had the following problems. Since a 
substrate is metal, if it is not thickened with about 15 mm and it is ****, it is, and the thickness 
of a heater is in things. It is because the wafer which curvature and distortion occur and is laid 
on a metal plate by the thermal expansion resulting from heating in a thin metal plate damages 
or inclines. Therefore, the heater became heavy and there was a problem of being bulky. And 
although the cooking temperature with this heater was controlled by changing the impressed 
electromotive force and the current amount to a heating element, since a metal plate was thick, 
the response to change of voltage or a current amount was bad, and there was also a problem 
of being hard to carry out temperature control, from temperature not following promptly. 
[0004] 

[Problem(s) to be Solved by the InventionjOn the other hand, the ceramic heater is developed 
these days as a heater which conquers the problem vvhich the above-mentioned metal heater 
has. It is easy to carry out temperature control of this ceramic heater, and there is the feature 



http://www4.ipdl.inpit.goJp/cgi-binytran_web_cgi_ejje?atw_u=h^^ 9/17/2008 



JP,2000-323264,A [DETAILED DESCRIPTION] 



Page 2 of 6 



that it is light and thin. However, the ceramic heater was holding the technical problem that the 
adhesion of a heater substrate and a heating element was bad. The purpose of this invention 
is to provide conductive paste for forming the heating element excellent in adhesion with a 
ceramic substrate. 
[0005] 

[Means for Solving the ProblemJThen, as a result of [ of a ceramic heater, artificers, ] inquiring 
wholeheartedly about the adhesion of a heating element and a heater substrate especially, in 
the case of conductive paste which contains metal particles to a ceramic substrate like nitride 
ceramics or carbide ceramics, originally adhesion is usually bad but, and. When a metallic 
oxide was added to this conductive paste, the knowledge of particles, and metaled nitride 
ceramics and carbide ceramics coming to stick well was carried out. 

[0006]This invention constituted based on the above-mentioned knowledge is conductive paste 
for ceramic heaters containing metal and a metallic oxide. Using particles which consist of any 
one or more sorts chosen from among gold, silver, platinum, palladium, lead, tungsten, and 
nickel as said metal, as said metallic oxide. It is preferred to use what consists of any one or 
more sorts chosen from among lead oxide, a zinc oxide, an oxidation silicon, oxidation boron, 
an aluminum oxide, yttrium oxide, and titanium oxide. 

[0007]Ceramic substrate used when applying this invention (only henceforth a "substrate") 
What consists of nitride ceramics or carbide ceramics is used. Even if nitride ceramics or 
carbide ceramics have a coefficient of thermal expansion smaller than metal and it makes 
them thin, with heating, it curves or they are not distorted. Therefore, a heater plate can be 
made it is thin and light. Since this substrate is expensive and its thermal conductivity is thin, 
that skin temperature can be made to follow a temperature change of a heating element 
promptly. That is, when changing voltage and a current amount and changing temperature of a 
heating element, control of ceramic substrate skin temperature becomes easy. As thickness of 
this substrate, about 0.5-5 mm is good. It is because it will become easy to damage if too thin. 
[0008]As said nitride ceramics which are substrate materials, any one or more sorts of 
ceramics chosen from among metal nitride ceramics, for example, alumimium nitride, a 
nitriding silicon, a boron nitride, titanium nitride, etc. are desirable. As carbide ceramics, any 
one or more sorts of ceramics chosen from among metallic carbide ceramics, for example, 
silicon carbide, zirconium carbide, titanium carbide, tantalum carbide, tungsten carbide, etc. 
are desirable. In these ceramics, alumimium nitride is the most preferred. In the case of 
alumimium nitride, that is because thermal conductivity is as the highest as 180 W/m-K. 
[0009]ln this invention, a heating element provided in the above-mentioned ceramic substrate 
sinters conductive paste especially metal particles in it, and a metallic oxide, and is formed. 
That is, this conductive paste can be printed on the surface of a ceramic substrate by heating 
calcination. Metal particles, metal particles, and substrate ceramics weld at the time of this 
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sintering. In this way, since the obtained heating element 2 needs to make temperature of the 
substrate 1 whole uniform as shown in drawing 1 , its pattern of concentric circle shape is good. 
As for thickness of a pattern of the heating element 2, 1-20 micrometers is desirable, and 0.5-5 
mm of width is desirable. Although resistance can be changed with thickness and width, it is 
because this range is the most practical. Resistance becomes so large that it becomes thinly 
and thin. 

[0010]in this invention - said conductive paste for heating element formation - metal 
(particles) others ~ a thing containing resin, a solvent, a thickener, etc. is common. The metal 
(particles) If it carries out, any one or more sorts of things chosen from among gold, silver, 
platinum, palladium, lead, tungsten, and nickel are good. It is because these metal cannot 
oxidize comparatively easily and it has sufficient resistance to generate heat. Particle diameter 
these metal It is desirable that it is what is 0.1-100 micrometers. It is because it will be easy to 
oxidize if too detailed, it will become difficult to sinter if too large, and resistance becomes 
large. 

[001 1]As resin used for this conductive paste, an epoxy resin, phenol resin, etc. are good. 
Isopropyl alcohol etc. are used as a solvent. Cellulose etc. are mentioned as a thickener. 
[0012]There is the feature of said conductive paste concerning this invention in adding to said 
metal particles and a metallic oxide being included. This reason is for a metallic oxide to act 
effectively, although the adhesion of nitride ceramics or carbide ceramics, and metal particles 
is improved. That is, it is because the adhesion of nitride ceramics or carbide ceramics, and 
metal particles is improved further by making a metallic oxide contain. Although the reason is 
not necessarily clear, an oxide film is slightly formed in the surface of the metal-particles 
surface and nitride ceramics, or carbide ceramics. As a result of these oxide films' unifying and 
sintering via a metallic oxide, it is presumed whether adhesion with metal particles, nitride 
ceramics, or carbide ceramics improves. 

[0013]as said metallic oxide - lead oxide, a zinc oxide, and oxidation silicon (silica) . Boron 
oxide {^2^3^ Aluminum oxide (alumina) Yttrium oxide (yttria) Titanium oxide (titania) Any one 

or more sorts chosen from inside are good. These metallic oxides are because adhesion with 
metal particles, nitride ceramics, or carbide ceramics is improvable, without enlarging 
resistance of a heating element. 

[0014]When a heating element is formed using the above-mentioned conductive paste 
concerning this invention, it is desirable to cover the surface of the heating element with a 
metal layer. A heating element is a sintered compact of metal particles, and it is because 
resistance will change that it will be easy to oxidize if it has exposed. That is, it is because 
oxidation can be prevented if the heating element surface is covered with a metal layer. As 
thickness of a metal layer, about 0.1-10 micrometers is desirable. That is because oxidation of 
a heating element can be prevented, without changing resistance of a heating element. 
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[0015]The metal used for covering of a heating element should just be metal of a non-oxidizing 
quality. Specifically, at least one sort chosen from among gold, silver, palladium, platinum, and 
nickel is good. 

[0016]As shown in drawing 2 , said ceramic substrate 1 used in this invention forms two or 
more breakthroughs 8, inserts the holding pin 7 in the hole 8, and lays the semiconductor 
wafer 9 in an opposite hand with a side in which the heating element 2 is formed via the pin 7. 
And a conveyer which makes the holding pin 7 go up and down, and does not illustrate the 
semiconductor wafer 9 can be passed, or the semiconductor wafer 9 can be received from a 
conveyer, 

[0017]Next, how to manufacture a heating element and the ceramic heater itself using 
conductive paste concerning this invention is explained below. 
(1) A process of forming a ceramic substrate which sinters a granular material of nitride 
ceramics or carbide ceramics, and consists of nitride ceramics or carbide ceramics. A granular 
material of carbide ceramics, such as nitride ceramics, such as alumimium nitride mentioned 
above, or silicon carbide, Sintering aids, binders, etc., such as yttria, are made into granularity 
by methods, such as spray dry, if needed, this granulation is put into a metallic mold etc., and 
is pressurized, it fabricates to tabular, and a generation form is manufactured. 
[0018]At this time, a crevice embedding a breakthrough which inserts a holding pin of a 
semiconductor wafer in a generation form if needed, or a thermo couple is provided. Next, a 
ceramic plate manufacturing-like board is manufactured by carrying out heating-calcination of 
said generation form, and sintering it. In the case of heating calcination, if it pressurizes, it is 
effective in manufacture of a heater without a stoma. Although the heating calcination should 
just be beyond sintering temperature, it is 1000-2500 ** in nitride ceramics or carbide 
ceramics. 

[0019](2) A process of printing conductive paste containing metal particles and a metallic oxide 
to a ceramic plate of (1). A fluid with high viscosity which consists of resjn which was further 
mentioned above and a solvent besides metal particles mentioned above and a metallic oxide 
mentioned above as this conductive paste is used. This conductive paste is printed with screen 
printing etc. into a portion which is going to provide a heating element of a ceramic substrate. 
As for a heating element, it is desirable to print to a pattern which consists of a concentric 
circle if it can do [ be / necessary / to make the whole heater plate into a uniform temperature / 
it ], as shown in drawing 1 . 

[0020](3) Next, a process of heating said ceramic substrate, making conductive paste 
sintering, and forming a heating element on the surface of a ceramic substrate. As for 
conductive paste, while resin and a solvent are removed by heating calcination, metal particles 
and a metallic oxide are sintered by it. Temperature of heating calcination at this time is 500- 
1000 **. In this case, since a metallic oxide is contained in it in the case of conductive paste 
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concerning this invention and metal particles and a ceramic substrate sinter and unify under an 
intervention of this metallic oxide, the adhesion of a heating element and a ceramic substrate 
improves. 

[0021 ](4) As for the surface of said heating element, covering with a metal layer is still more 
desirable. Although electrolysis plating, nonelectrolytic plating, and sputtering can perform 
covering, nonelectrolytic plating is the optimal if mass production nature is taken into 
consideration. 

[0022](5) And attach a terminal for connection with a power supply to an end of a pattern of 
said heating element with solder, and make it it with a ceramic heater of a product. 
[0023]After printing soldering paste in an attachment part, reflow treatment which carries a 
terminal and is heated in temperature of 200-500 ** may be performed, and a thermo couple 
may also be embedded further if needed. Hereafter, it explains in accordance with an example. 

[0024] 

[Example](Example 1) Alumimium nitride ceramic plate (1) Aluminum nitride powder (mean- 
particle-diameter 1.1 mum) 100 weight sections, Yttria (yttrium oxide mean-particle-diameter 
0.4 micrometer) The constituent which consists of four weight sections, acrylic Bayda* 12 
weight section, and alcohol was made into granularity by the spray dryer method. 

(2) Granular powder was put into the metallic mold, it fabricated to plate-like, and the 
generation form was acquired. Drilling was carried out to the generation form and the hole 8 
which inserts a semiconductor wafer holding pin, and the crevice for embedding a thermo 
couple, although not illustrated were provided. 

(3) The hotpress of the generation form was carried out by 1800 ** and pressure 230 kg/cm^, 
and the 3-mm-thick alumimium nitride plate was obtained. It is a diameter about this. It starts in 
round form of 230 mm, and is a plate made from ceramics, (ceramic substrate) It was referred 
to as 1 . 

[0025](4) To the ceramic substrate 1 obtained by (3), conductive paste was printed by screen- 
stencil. The printing pattern was used as the pattern of a concentric circle as shown in drawing 
1^. Tokuriki Chemical Research 603 [ sorbet strike PS] was used for conductive paste. This 
conductive paste is silver containing a metallic oxide / lead paste. 
Lead oxide, a zinc oxide, an oxidation silicon, oxidation boron, and an aluminum oxide are 
included as a metallic oxide. 

(5) While carrying out heating calcination of the ceramic substrate 1 which printed the above- 
mentioned conductive paste by 780 ** and making the silver in conductive paste, and lead 
sinter, it printed on this substrate 1. The thickness of the pattern by the sintered compact 4 of 
silver-lead was 5 micrometers and width 2.4 mm. 
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[0026](6) 80 g/l of nickel sulfate, 24 g/l of sodium hypophosphite, It is (5) to the electroless 
nickel plating bath which consists of solution of the concentration of 12 g/l of sodium acetate, 8 
g/l of boric acid, and 6 g/l of ammonium chloride. The heater plate was Immersed, the 1- 
micrometer-thick nickel layer 5 was deposited on the surface of the sintered compact 4 of 
silver-lead, and it was considered as the heating element 2. 

(7) Print silver-lead soldering paste from the screen-stencil 1 into the portion which attaches 
the terminal for securing connection with a power supply, and It is a solder layer, (product 
made from the Tanaka precious metals) 6 was formed. Subsequently, the terminal pin 3 made 
from covar was laid on the solder layer 6, a heating reflow was carried out by 420 **, and the 
terminal pin 3 was attached to the surface of the heating element 2. 

(8) Thermo couple for temperature control (not shown) It embedded and the heater 100 was 
obtained. 

[0027](Example 2) Although it was fundamentally [ as the silicon carbide ceramic plate 
example 1 ] the same, the silicon carbide powder of mean-particle-diameter 1 .0 mum was 
used, and sintering temperature was 1900 **. 

[0028]lt measured about the flattery nature [ as opposed to / heater / of Examples 1 and 2 / 
change of voltage and a current amount ] of temperature, and the pull intensity of the heating 
element. When voltage was impressed to the heater, the heater of Example 1 is 0.5. The 
temperature change was seen in the second and, as for the heater of Example 2, the 
temperature change was observed in 2 seconds. About the pull intensity of the heating 

element 2, the heater of 3.1 kg/mm^ and Example 2 of the heater of Example 1 was 3kg[/mm ] 
2 

[0029](Comparative example) Using the Nichrome wire pinched by silicone rubber as an 
aluminum plate heating element, it hit with the 15-mm-thick aluminum plate, the heating 
element was pinched with the board, and it fixed with the bolt, and was considered as the 
heater. When voltage was impressed to the heater of a comparative example, 24 seconds was 
taken to see a temperature change. 
[0030] 

[Effect of the lnvention]As explained above, according to this invention, the adhesion of a 
ceramic substrate and a heating element can be raised, a thin and light ceramic heater can be 
provided by extension, and it is practical. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DRAWINGS 

[Drawing 1] 



100 




[Translation done.] 
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[Proposed Amendment] 
[Document Name]Speciflcatlon 

[Title of the InventionJConductive paste for ceramic heaters, and a ceramic heater 
[Claim(s)] 

[Claim 1]Conductive paste for ceramic heaters containing metal and a metallic oxide. 
[Claim 2]Conductive paste for ceramic heaters characterized by comprising the following. 
Particles which consist of any one or more sorts chosen from among gold, silver, platinum, 
palladium, lead, tungsten, and nickel. 

What consists of any one or more sorts chosen from among lead oxide, a zinc oxide, an 
oxidation silicon, oxidation boron, an aluminum oxide, yttrium oxide, and titanium oxide 

[Claim 31A ceramic heater characterized by coming to form a heating element containing metal 
and a metallic oxide in a field of an opposite hand with a side in which a semiconductor wafer 
is located among the surfaces of a ceramic substrate which consists of nitride ceramics or 
carbide ceramics. 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]The invention in this application relates to the conductive paste used for 
heating element formation of the ceramic heater for desiccation mainly used in semiconductor 
industry, and a ceramic heater. 
[0002] 

[Description of the Prior Art]As for a semi conductor product, it is common to manufacture by 
forming a photopolymer as etching resist on a silicon wafer, and etching the silicon wafer. After 
spreading must be dried although the photopolymer is applied to the silicon wafer surface by 
the spin coater etc. Therefore, it is necessary to heat the silicon wafer which applied the 
photopolymer using a heater. Conventionally, as such a heater, it is metal, (aluminum) What 
wired the rear face of the board in the heating element is used. 
[0003] However, such metal (aluminum) The heater had the following problems. Since a 
substrate is metal, if it is not thickened with about 15 mm and it is ****, it is, and the thickness 
of a heater is in things. It is because the wafer which curvature and distortion occur and is laid 
on a metal plate by the thermal expansion resulting from heating in a thin metal plate damages 
or inclines. Therefore, the heater became heavy and there was a problem of being bulky. And 
although the cooking temperature with this heater was controlled by changing the impressed 
electromotive force and the current amount to a heating element, since a metal plate was thick, 
the response to change of voltage or a current amount was bad, and there was also a problem 
of being hard to carry out temperature control, from temperature not following promptly. 
[0004] 
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[Problem(s) to be Solved by the lnvention]On the other hand, the ceramic heater is developed 
these days as a heater which conquers the problem which the above-mentioned metal heater 
has. It is easy to carry out temperature control of this ceramic heater, and there is the feature 
that it is light and thin. However, the ceramic heater was holding the technical problem that the 
adhesion of a heater substrate and a heating element was bad. The purpose of this invention 
is to provide conductive paste for forming the heating element excellent in adhesion with a 
ceramic substrate, and the ceramic heater heater which forms a heating element using this 
conductive paste . 
[0005] 

[Means for Solving the Problem]Then, as a result of [ of a ceramic heater, artificers, ] inquiring 
wholeheartedly about the adhesion of a heating element and a heater substrate especially, in 
the case of conductive paste which contains metal particles to a ceramic substrate like nitride 
ceramics or carbide ceramics, originally adhesion is usually bad but, and. When a metallic 
oxide was added to this conductive paste, the knowledge of particles, and metaled nitride 
ceramics and carbide ceramics coming to stick well was carried out. 
[0006]The 1st thing of this invention constituted based on the above-mentioned knowledge is 
conductive paste for ceramic heaters containing metal and a metallic oxide. Using particles 
which consist of any one or more sorts chosen from among gold, silver, platinum, palladium, 
lead, tungsten, and nickel as said metal, as said metallic oxide, It is preferred to use what 
consists of any one or more sorts chosen from among lead oxide, a zinc oxide, an oxidation 
silicon, oxidation boron, an aluminum oxide, yttrium oxide, and titanium oxide. 
f0007] lnside of the surface of a ceramic substrate where the 2nd thing of this invention 
consists of nitride ceramics or carbide ceramics, A side in which a semiconductor wafer is 
located is a ceramic heater characterized by coming to form in a field of an opposite hand a 
heating element which printed conductive paste containing metal and a metallic oxide, and 
which is produced by carrying out back heating calcination. 

[0008]Ceramic substrate used when applying this invention (only henceforth a "substrate") 
What consists of nitride ceramics or carbide ceramics is used. Even if nitride ceramics or 
carbide ceramics have a coefficient of thermal expansion smaller than metal and it makes 
them thin, with heating, it curves or they are not distorted. Therefore, a heater plate can be - 
made it is thin and light. Since this substrate is expensive and its thermal conductivity is thin, 
that skin temperature can be made to follow a temperature change of a heating element 
promptly. That is, when changing voltage and a current amount and changing temperature of a 
heating element, control of ceramic substrate skin temperature becomes easy. As thickness of 
this substrate, about 0.5-5 mm is good. It is because it will become easy to damage if too thin. 
[0009]As said nitride ceramics which are substrate materials, any one or more sorts of 
ceramics chosen from among metal nitride ceramics, for example, alumimium nitride, a 
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nitriding silicon, a boron nitride, titanium nitride, etc. are desirable. As carbide cerannics, any 
one or more sorts of ceramics chosen from among metallic carbide ceramics, for example, 
silicon carbide, zirconium carbide, titanium carbide, tantalum carbide, tungsten carbide, etc. 
are desirable. In these ceramics, alumimium nitride is the most preferred. In the case of 
alumimium nitride, that is because thermal conductivity is as the highest as 180 W/m-K. 
[0010]ln this invention, a heating element provided in the above-mentioned ceramic substrate 
sinters conductive paste especially metal particles in it, and a metallic oxide, and is formed. 
That is, this conductive paste can be printed on the surface of a ceramic substrate by heating 
calcination. Metal particles, metal particles, and substrate ceramics weld at the time of this 
sintering. In this way, since the obtained heating element 2 needs to make temperature of the 
substrate 1 whole uniform as shown in drawing 1, its pattern of concentric circle shape is good. 
As for thickness of a pattern of the heating element 2, 1-20 micrometers is desirable, and 0.5-5 
mm of width is desirable. Although resistance can be changed with thickness and width, it is 
because this range is the most practical. Resistance becomes so large that it becomes thinly 
and thin. 

[001 1]in this invention - said conductive paste for heating element formation - metal 
(particles) others - a thing containing resin, a solvent, a thickener, etc. is common. The metal 
(particles) If it carries out, any one or more sorts of things chosen from among gold, silver, 
platinum, palladium, lead, tungsten, and nickel are good. It is because these metal cannot 
oxidize comparatively easily and it has sufficient resistance to generate heat. Particle diameter 
these metal It is desirable that it is what is 0.1-100 micrometers. It is because it will be easy to 
oxidize if too detailed, it will become difficult to sinter if too large, and resistance becomes 
large. 

[0012]As resin used for this conductive paste, an epoxy resin, phenol resin, etc. are good. 
Isopropyl alcohol etc. are used as a solvent. Cellulose etc. are mentioned as a thickener. 
[0013]There is the feature of said conductive paste concerning this invention in adding to said 
metal particles and a metallic oxide being included. This reason is for a metallic oxide to act 
effectively, although the adhesion of nitride ceramics or carbide ceramics, and metal particles 
is improved. That is, it is because the adhesion of nitride ceramics or carbide ceramics, and 
metal particles is improved further by making a metallic oxide contain. Although the reason is 
not necessarily clear, an oxide film is slightly formed in the surface of the metal-particles 
surface and nitride ceramics, or carbide ceramics, As a result of these oxide films' unifying and 
sintering via a metallic oxide, it is presumed whether adhesion with metal particles, nitride 
ceramics, or carbide ceramics improves. 

[0014]as said metallic oxide - lead oxide, a zinc oxide, and oxidation silicon (silica) . Boron 
oxide {^2^3^ Aluminum oxide (alumina) Yttrium oxide (yttria) Titanium oxide (titania) Any one 

or more sorts chosen from inside are good. These metallic oxides are because adhesion with 
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metal particles, nitride ceramics, or carbide ceramics is improvable, without enlarging 
resistance of a heating element. 

[0015]When a heating element is formed using the above-mentioned conductive paste 
concerning this invention, it is desirable to cover the surface of the heating element with a 
metal layer. A heating element is a sintered compact of metal particles, and it is because 
resistance will change that it will be easy to oxidize if it has exposed. That is, it is because 
oxidation can be prevented if the heating element surface is covered with a metal layer. As 
thickness of a metal layer, about 0.1-10 micrometers is desirable. That is because oxidation of 
a heating element can be prevented, without changing resistance of a heating element. 
[0016]The metal used for covering of a heating element should just be metal of a non-oxidizing 
quality. Specifically, at least one sort chosen from among gold, silver, palladium, platinum, and 
nickel is good. 

[0017]As shown in drawing 2, said ceramic substrate 1 used in this invention forms two or 
more breakthroughs 8, inserts the holding pin 7 in the hole 8, and lays the semiconductor 
wafer 9 in an opposite hand with a side in which the heating element 2 is formed via the pin 7. 
And a conveyer which makes the holding pin 7 go up and down, and does not illustrate the 
semiconductor wafer 9 can be passed, or the semiconductor wafer 9 can be received from a 
conveyer. 

[0018]Next, how to manufacture a heating element and the ceramic heater itself using 
conductive paste concerning this invention is explained below. 
(1) A process of forming a ceramic substrate which sinters a granular material of nitride 
ceramics or carbide ceramics, and consists of nitride ceramics or carbide ceramics. A granular 
material of carbide ceramics, such as nitride ceramics, such as alumimium nitride mentioned 
above, or silicon carbide, Sintering aids, binders, etc., such as yttria, are made into granularity 
by methods, such as spray dry, if needed, this granulation is put into a metallic mold etc., and 
is pressurized, it fabricates to tabular, and a generation form is manufactured. 
[0019]At this time, a crevice embedding a breakthrough which inserts a holding pin of a 
semiconductor wafer in a generation form if needed, or a thermo couple is provided. Next, a 
ceramic plate manufacturing-like board is manufactured by carrying out heating-calcination of 
said generation form, and sintering it. In the case of heating calcination, if it pressurizes, it is 
effective in manufacture of a heater without a stoma. Although the heating calcination should 
just be beyond sintering temperature, it is 1000-2500 ** in nitride ceramics or carbide 
ceramics. 

[0020](2) A process of printing conductive paste containing metal particles and a metallic oxide 
to a ceramic plate of (1). A fluid with high viscosity which consists of resin which was further 
mentioned above and a solvent besides metal particles mentioned above and a metallic oxide 
mentioned above as this conductive paste is used. This conductive paste is printed with screen 
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printing etc. into a portion which is going to provide a heating element of a ceramic substrate. 
As for a heating element, it is desirable to print to a pattern which consists of a concentric 
circle if it can do [ be / necessary / to make the whole heater plate into a uniform temperature / 
it ], as shown in drawing 1. 

[0021 ](3) Next, a process of heating said ceramic substrate, making conductive paste 
sintering, and forming a heating element on the surface of a ceramic substrate. As for 
conductive paste, while resin and a solvent are removed by heating calcination, metal particles 
and a metallic oxide are sintered by it. Temperature of heating calcination at this time is 500- 
1000 **. In this case, since a metallic oxide is contained in it in the case of conductive paste 
concerning this invention and metal particles and a ceramic substrate sinter and unify under an 
intervention of this metallic oxide, the adhesion of a heating element and a ceramic substrate 
improves. 

[0022](4) As for the surface of said heating element, covering with a metal layer is still more 
desirable. Although electrolysis plating, nonelectrolytic plating, and sputtering can perform 
covering, nonelectrolytic plating is the optimal if mass production nature is taken into 
consideration. Thus, inside of the surface of a ceramic substrate which consists of nitride 
ceramics or carbide ceramics, A ceramic heater characterized by coming to form in it a heating 
element produced by carrying out heating calcination after printing conductive paste containing 
metal and a metallic oxide to a field of an opposite hand with a side in which a semiconductor 
wafer is located is obtained. 

[0023](5) And attach a terminal for connection with a power supply to an end of a pattern of 
said heating element with solder, and make it it with a ceramic heater of a product. 
[0024]After printing soldering paste in an attachment part, reflow treatment which carries a 
terminal and is heated in temperature of 200-500 ** may be performed, and a thermo couple 
may also be embedded further if needed. Hereafter, it explains in accordance with an example. 

[0025] 

[Example](Example 1) Alumimium nitride ceramic plate 

(1) Aluminum nitride powder (mean-particle-diameter 1.1 mum) 100 A weight section, yttria 
(yttrium oxide mean-particle-diameter 0.4 micrometer) The constituent which consists of four 
weight sections, acrylic Bayda' 12 weight section, and alcohol was made into granularity by the 
spray dryer method. (2) Granular powder was put into the metallic mold, it fabricated to plate- 
like, and the generation form was acquired. Drilling was carried out to the generation form and 
the hole 8 which inserts a semiconductor wafer holding pin, and the crevice for embedding a 
thermo couple, although not illustrated were provided. 

(3) The hotpress of the generation form was carried out by 1800 ** and pressure 230 kg/cm^, 
and the 3-mm-thick alumimium nitride plate was obtained. It is a diameter about this. It starts in 
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round form of 230 mm, and is a plate made from ceramics, (ceramic substrate) It was referred 
to as 1 . 

[0026](4) To the ceramic substrate 1 obtained by (3), conductive paste was printed by screen- 
stencil. The printing pattern was used as the pattern of a concentric circle as shown in drawing 
1. Tokuriki Chemical Research 603 [ sorbet strike PS] was used for conductive paste. This 
conductive paste is silver containing a metallic oxide / lead paste. 
Lead oxide, a zinc oxide, an oxidation silicon, oxidation boron, and an aluminum oxide are 
included as a metallic oxide. 

(5) While carrying out heating calcination of the ceramic substrate 1 which printed the above- 
mentioned conductive paste by 780 ** and making the silver in conductive paste, and lead 
sinter, it printed on this substrate 1 . The thickness of the pattern by the sintered compact 4 of 
silver-lead was 5 micrometers and width 2.4 mm. 

[0027](6) 80 g/l of nickel sulfate, 24 g/l of sodium hypophosphite, It is (5) to the electroless 
nickel plating bath which consists of solution of the concentration of 12 g/l of sodium acetate, 8 
g/l of boric acid, and 6 g/l of ammonium chloride. The heater plate was immersed, the 1- 
micrometer-thick nickel layer 5 was deposited on the surface of the sintered compact 4 of 
silver-lead, and it was considered as the heating element 2. 

(7) Print silver-lead soldering paste from the screen-stencil 1 into the portion which attaches 
the terminal for securing connection with a power supply, and it is a solder layer, (product 
made from the Tanaka precious metals) 6 was formed. Subsequently, the terminal pin 3 made 
from covar was laid on the solder layer 6, a heating reflow was carried out by 420 **, and the 
terminal pin 3 was attached to the surface of the heating element 2. 

(8) Thermo couple for temperature control (not shown) It embedded and the heater 100 was 
obtained. 

[0028J(Example 2) Silicon carbide ceramic plate 

Although it was fundamentally [ as Example 1 ] the same, the silicon carbide powder of mean- 
particle-diameter 1 .0 mum was used, and sintering temperature was 1900 **. 
[0029]lt measured about the flattery nature [ as opposed to / heater / of Examples 1 and 2 / 
change of voltage and a current amount ] of temperature, and the pull intensity of the heating 
element. When voltage was impressed to the heater, the heater of Example 1 is 0.5. The 
temperature change was seen in the second and, as for the heater of Example 2, the 
temperature change was observed in 2 seconds. About the pull intensity of the heating 

element 2, the heater of 3.1 kg/mm and Example 2 of the heater of Example 1 was 3kg[/mm ] 

2 

[0030](Comparative example) Aluminum plate 

Using the Nichrome wire pinched by silicone rubber as a heating element, it hit with the 15- 
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mm-thick aluminum plate, the heating element was pinched with the board, and it fixed with the 
bolt, and was considered as the heater. When voltage was Impressed to the heater of a 
comparative example, 24 seconds was taken to see a temperature change. 
[0031] 

[Effect of the lnventlon]As explained above, according to this invention, the adhesion of a 
ceramic substrate and a heating element can be raised, a thin and light ceramic heater can be 
provided by extension, and It is practical. 
[Brief Description of the Drawings] 

[Drawing 1]The mimetic diagram of a ceramic heater which has the heating element formed 

using conductive paste concerning this invention. 

[Drawing 2]The sectional view showing the condition of use of a heater. 

[Description of Notations] 

1 Ceramic substrate 

2 Heating element 

3 Terminal pin 

4 Metal (silver-lead) Particle sintered compact 

5 Metal (nickel) Enveloping layer 

6 Solder layer 

7 Semiconductor wafer holding pin 

8 Breakthrough 

9 Semi conductor product 
100 Heater 



[Translation done.] 
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